To assess associations of nonulcerative sexually transmitted diseases (STDs) with human immunodeficiency virus (HIV) -susceptible leukocytes on female genital mucosa, cervicovaginal specimens from 32 HIV-negative STD clinic patients with gonorrhea, chlamydial infection, or trichomoniasis were compared with specimens from 32 clinic patients without these infections. Twenty-eight patients had single infections (15 gonorrhea, 10 chlamydial infection, 3 trichomoniasis), and 4 had dual infections. A saline vaginal wash and saline suspensions of vaginal wall scrapings, ectocervical scrapings, and endocervical brushings were analyzed by flow cytometry. Specimens from the endocervix had the highest proportions of lymphocytes, monocytes, and Langerhans' cells. The median number of endocervical CD4 lymphocytes/10,000 cells was greater among patients with STDs than among those without (476 vs. 245; P õ .001). These data suggest that the endocervix may have a particularly important role in heterosexual HIV transmission and that nonulcerative STDs may facilitate HIV transmission by increasing the presence of CD4 lymphocytes at this site.
Although epidemiologic studies of sexually transmitted dis-HIV-discordant sex partners, in which HIV seroconversion was associated with STDs (including nonulcerative genital infeceases (STDs) as risk factors for human immunodeficiency virus (HIV) infection have demonstrated strong associations of HIV tions or syndromes) in the previously HIV-negative sex partner [6, 7] . However, the specific mechanisms by which these STDs with ulcerative STDs, they have shown less consistent associations of HIV infection with the nonulcerative STDs -gonormay increase susceptibility to HIV infection have not been clearly established. rhea, chlamydial infection, and trichomoniasis [1] . A limitation of these studies is that they have not been able to characterize Cervical inflammation in women is a factor that may affect HIV transmission risk. However, most studies of the role of the extent to which STDs may facilitate HIV transmission by augmenting HIV infectivity of persons with HIV versus innonulcerative STDs in HIV transmission have used imprecise methods to assess the cervix. Clinical observations of friability, creasing susceptibility of persons who are exposed to HIV. While investigators are now examining the role of nonulceramucopurulent cervicitis, or numbers of polymorphonuclear leukocytes present on Gram's stain of an endocervical smear are tive STDs in increasing infectivity by increasing viral shedding [2 -4] , the question of increased susceptibility has received less clinically useful but do not provide a detailed picture of the inflammatory process, particularly in terms of quantifying the attention. Epidemiologic evidence for a role of these diseases in increasing susceptibility to HIV infection comes from one presence of HIV-susceptible cells. One detailed study that systematically examined Papanicolaou-stained cervical smears well-designed prospective study of female sex workers who were at increased risk for seroconverting to HIV if they had demonstrated associations of Chlamydia trachomatis and Trichomonas vaginalis infections with greater numbers of lymnonulcerative STDs [5] and from two prospective studies of phocytes [8] , and one study of cervical histopathology demonstrated that cervical chlamydial infection is associated with underlying infiltration of the endocervix with lymphocytes and JID 1998;177 (January) men for examination of endocervical cells. Vaginal pool specimens by using immunophenotyping methods to examine mucosal from the posterior fornix were taken for Gram's stain and for T.
inflammation in HIV-negative women who were infected with on cervicovaginal mucosa, we also examined associations of trachomatis were placed in 2-sucrose-phosphate transport medium [11] . If specimens were processed within 24 h, they were stored Candida species, bacterial vaginosis, Mycoplasma hominis, and at 4ЊC; if ú24 h, they were stored at 070ЊC. The shell vial culture
Ureaplasma urealyticum with numbers of mucosal white blood method of Ripa was used to culture clinical specimens [12] . The cells.
cell monolayers were stained with Pathfinder Culture Confirmation Reagent (Kallestad Diagnostics, Chaska, MN). Clinical specimens were passaged blindly before culture results were reported. Endo-
Methods
cervical specimens were assayed for C. trachomatis DNA by the Patient enrollment. Women presenting to an STD clinic were Amplicor C. trachomatis test (Roche Diagnostics, Branchburg, offered enrollment in the study if they were sex partners of a man NJ). Martin-Lewis medium (Carr-Scarborough, Atlanta) was used with documented gonorrhea, chlamydial infection, or nongonococfor the inoculation of endocervical samples for the cultivation of cal urethritis or if they had a chief complaint of vaginal discharge.
N. gonorrhoeae [13] . Vaginal specimens were obtained for isolaPatients were included only if they were 18-30 years of age, were tion of T. vaginalis and Candida albicans by use of modified not pregnant or menstruating, had taken no antibiotics during the Diamond's medium prepared at the Centers for Disease Control previous 14 days, and within the past 2 days had not douched, and Prevention [14] . M. hominis was cultured by standard techused vaginal creams or suppositories, or had sex. Patients found niques in SP4 broth medium [15] and on A8 agar [16] . U. urealytion physical examination to have ulcerative lesions were excluded.
cum was cultured in 10B broth [17] and on A8 agar. Specimens Patients were confidentially tested for HIV and included in this were also tested for M. hominis by assaying for a 334-bp portion analysis only if they were HIV-negative. On study days, the first of the 16S rRNA gene [18] and for U. urealyticum DNA by 1 or 2 eligible patients per day who fit criteria were offered enrollassaying for the urease genes [19] . Specimens for HSV determinament. Two patients declined entry into the study. tion were inoculated into the A549 cell culture line, which was All patients were interviewed and examined by one of two study examined for cytopathic effect. A Gram's stain of vaginal secreclinicians, who used a standard form to collect demographic and tions from each participant was evaluated for the presence of bacteclinical data. A patient was considered to have a nonulcerative STD rial vaginosis by use of morphologic criteria [20] . if they had endocervical infection with C. trachomatis identified by
Processing of cell suspensions. Cell suspensions were proculture or polymerase chain reaction (PCR), Neisseria gonorcessed within 2-6 h of specimen collection. They were first centrirhoeae by culture, or T. vaginalis by culture. These patients were fuged at 500 g for 5 min to pellet the cells. The supernatants compared with eligible patients who had none of these infections.
were removed by vacuum. The cell pellets from the vaginal wall Cervical ectopy was estimated by the clinician as a percentage of scrapings and ecto-and endocervical samples were resuspended the radius of the cervix. All patients were examined for presence in 0.3 mL of physiologic saline. The cells from the vaginal wash of mucopus at the os and for the presence of pus on the first were suspended in 1.0-1.5 mL of physiologic saline. Monoclonal endocervical swab used to collect microbiologic specimens. Paantibodies were added to each of 3 tubes. One hundred microliters tients were considered to have easily induced endocervical bleedof sample was added and incubated for 15 min at room temperature ing if a moderate amount of blood (blood-soaked or pink discolorin the dark. Two milliliters of lysing reagent (1:10 dilution of ation) was present on the first endocervical swab; a trace amount FACS Lyse buffer [Becton Dickinson, San Jose, CA]) was added of blood was recorded if few discrete spots were present. and incubated for 15 min at room temperature in the dark. Cells Specimen collection. A vaginal wash with physiologic saline were then centrifuged at 300 g for 3 min and resuspended in 1.5 was done before collecting other specimens; 5 mL of saline was mL of wash buffer (2.0% AB serum, 0.1% bovine serum albumin, injected onto the vaginal walls and then aspirated. An ectocervical and 0.2% sodium azide in 0.01 M PBS, pH 7.2). The cells were scraping with a wooden spatula was agitated in 5 mL of physiocentrifuged as above, then resuspended in 300 mL of 2% buffered logic saline, and an endocervical cytobrush was also agitated in 5
formalin. The samples were stored at 4Њ-8ЊC overnight to minimL of physiologic saline. On the first 25 patients, a scraping of mize cell aggregation. Samples were analyzed on a FACScan (Becthe vaginal wall was obtained after the vaginal wash by use of a ton Dickinson) by three-color analysis. The fluorescent markers spatula and agitated in 5 mL of physiologic saline. Endocervical used were anti-CD45-peridinin chlorophyll protein (PerCP), samples for gonorrhea Gram's stain and culture, herpes simplex -CD14-phycoerythrin (PE), and -CD1-fluorescein isothiocyanate virus (HSV) culture, and C. trachomatis, M. hominis, and U. urealyticum culture and PCR were taken after collection of the speci- Proportional cell counts by infection with nonulcerative ial infection, and 3 trichomoniasis), and 4 patients had mixed infections. These patients were compared with 32 patients with STDs. The median number of CD4 lymphocytes in the endocervix among patients with STDs was 476/10,000 cells, comno infection identified at the clinic. Because of the small numbers for each disease, infected patients were grouped together pared with 245 for patients without STDs (P õ .001; table 3). Twenty-three (72%) of 32 patients with STDs had a CD4 for most analyses. Of the patients with STDs, 27 (84%) were enrolled because they were a contact of a patient with urethral lymphocyte proportion that was above the overall median of 385, compared with 9 (28%) of the 32 patients without STDs infection, and of those without STDs, 21 (66%) were contacts / 9d3d$$ja26
11-26-97 14:25:14 jinfa UC: J Infect NOTE. Determinations of endocervical and vaginal wash lymphocytes, monocytes, and granulocytes were made on 64 patients; of ectocervical lymphocytes, monocytes, and granulocytes on 61 of these patients; and Langerhans cells at each site on 54 of these patients. Collection and testing of vaginal wall scrapings was limited to first 25 patients enrolled (14 of these patients had STD).
(P Å .001). On the basis of these proportions, the study had a and without infection (data not shown). In the presence of STDs, granulocyte counts were significantly greater at the enpower of .94 to detect a significant difference (a Å .05). The median number of CD4 lymphocytes per 10,000 cells in ectodocervix (3642 vs. 2903/10,000 cells; P Å .01) but not at the ectocervix or in the vaginal wash. cervical and vaginal wash specimens did not differ significantly by the presence of STDs (table 3) . Among patients with STDs, The significant association of STDs with endocervical CD4 44% (14/32) had §1 CD4 lymphocyte detected in the vaginal lymphocytes persisted when patients were stratified by age. wash/10,000 cells counted, compared with 41% (13/32) of paAmong women õ25 years of age, the 22 women with an STD tients without STDs (P Å .9). The statistical power to detect had a median cell count of 494 endocervical CD4 lymphocytes/ a 100% increase in the proportion with CD4 lymphocytes in 10,000 cells, compared with 247/10,000 for the 12 women the vaginal wash (i.e., from 41% to 82%) was .90; however, without one of these infections (P Å .02). Among participants to detect a 50% increase (i.e., from 41% to 62%) the power §25 years of age, the 10 women with an STD had a median was only .27. cell count of 456 CD4 lymphocytes/10,000, compared with At the endocervix, the proportions of other lymphocyte sub-218 for the 20 patients without an STD (P Å .006). Within sets were also increased in patients with STDs. The median each of the age categories, median age did not differ signifinumber of endocervical CD8 lymphocytes was 415/10,000 cantly between those with and without STDs (data not shown). cells among patients with STDs, compared with 257 in patients Patients with chlamydial infection or gonorrhea had signifiwith no STD (P Å .001); for g/d T-lymphocytes, the medians cantly greater proportions of endocervical CD4 lymphocytes were 47 and 24, respectively (P Å .004). The number of endothan did patients without an STD (table 4) . Although the data cervical CD4 lymphocytes that carried the activation marker CD38 was also greater in patients with STDs than in patients without: 187 versus 74/10,000 cells (P Å .007). The percentage only 4 (13%) of the 32 patients without STDs (P Å .01).
Among the 46 patients with õ10,000 cells in this tube, the 18 patients with STDs had a median of 3880 cells (interquartile cervical specimens and 100% for vaginal lavage and vaginal wall specimens), differences in absolute cell numbers between range, 2315 -4558), and the 28 patients without STDs had a median of 4432 cells (interquartile range, 2645 -5575) (P Å persons with and without STDs could not be assessed. In further analyses that controlled for the differences in abso-.4). If 10,000 is assumed to be the maximum absolute number of cells per tube, then the median absolute number of CD4 lute numbers of endocervical cells counted, the associations between the CD4 lymphocytes and STDs remained highly siglymphocytes in tube 3 of the endocervical specimen of patients with STDs was 243 (interquartile range, 126 -540), compared nificant (data not shown).
Associations of cervicitis and induced cervical bleeding with with 78 for those without STDs (interquartile range, 42 -209; P õ .001). For patients with chlamydial infection only, the endocervical CD4 lymphocytes. We examined the relationship of clinically apparent cervicitis to endocervical CD4 lymmedian was 311 (interquartile range, 114 -564; P Å .008 compared with no STD); for gonorrhea only, 361 (interquartile phocytes in the presence and absence of nonulcerative STDs. For this analysis, patients were considered to have cervicitis if range, 136 -511; P Å .001); and for the 3 patients with trichomoniasis only, 43 (interquartile range, 39 -669; P Å .9). Beyellow pus was seen on the first endocervical swab, if pus was seen at the os, or if §30 polymorphonuclear leukocytes per cause of the high proportions of patients with §10,000 cells in tubes prepared from the other sampled sites (89% for ectohigh-power field were seen on the endocervical Gram's stain. Among patients without cervicitis, STDs were associated with a greater proportion of endocervical CD4 lymphocytes. Among patients without STDs, cervicitis was also significantly associ- (table 6) . Presence of trace blood alone was not significytes per 10,000 cells counted and 3 times the median absolute number of CD4 lymphocytes in analyzed specimens. Compared cantly associated with STDs (data not shown). As noted in table 6, among patients without easily induced bleeding or with the subset of patients who had no STD, cervicitis, or blood in specimens, patients with STDs had Ç8 times the median without blood in suspension, the association of endocervical CD4 lymphocytes with STDs remained significant.
proportional number of endocervical CD4 lymphocytes and ú10 times the median absolute number. Among the 7 patients with none of the three STDs studied, no evidence of cervicitis, and no blood detected in the speciThese data must be interpreted cautiously. First, it is unknown if superficial mucosal white blood cells, sampled acmen, the median proportion of endocervical CD4 lymphocytes was 57 cells/10,000 (interquartile range, 18 -130) , and the mecording to the methods we used, accurately reflect presence of these cells in the mucosa or submucosa, or if these superficial dian absolute number of endocervical CD4 lymphocytes in tube 3 was 18 (interquartile range, 8 -59). The median proportion cells could actually become infected with HIV and circulate to local lymph nodes. Second, the few studies that have been of ectocervical CD4 lymphocytes was 2 (interquartile range, 1 -5), and of vaginal wash CD4 lymphocytes, 0 (interquartile done to investigate potential mechanisms of heterosexual HIV transmission suggest that Langerhans' cells and dendritic cells range, 0 -2). Five of these 7 vaginal wash specimens had no CD4 lymphocytes. Among these 7 patients, 5 had bacterial may be the first cells to become infected with HIV, which then interact with CD4 cells in draining lymph nodes [23, 24] . Our vaginosis, 5 were positive for M. hominis, 2 had Candida species, and 2 of 6 tested were positive for U. urealyticum.
data showed no significant increase in the proportion of endocervical Langerhans' cells in the presence of nonulcerative Patient enrollment category (contact with STD patient vs. chief complaint of vaginal discharge) was not significantly STDs but did show an increase in the ratio of CD4 lymphocytes to Langerhans' cells, a factor that could possibly influence host associated with presence of clinical cervicitis, with presence of blood on the swab or in the specimen, or with differences susceptibility to infection. Third, mucosal epithelial cells may also be directly susceptible to HIV infection [25] . In addition, in endocervical CD4 lymphocytes (data not shown).
Peripheral blood CD4:CD8 ratio and lymphocyte counts. we found that patients with STDs had greater numbers of endocervical CD4 lymphocytes that carried CD38, a marker for The patients with STDs had a lower median peripheral blood CD4:CD8 ratio than did patients without infection (1.5 vs. 1.8; cellular activation. Activated CD4 lymphocytes on mucosal surfaces may increase the infectiousness of persons who are P Å .01). The absolute peripheral blood CD4 lymphocyte count was lower among infected patients, but not significantly (878 HIV-positive and may also have implications for susceptibility [26] . vs. 1030 cells/mL; P Å .6). The absolute CD8 lymphocyte count was somewhat higher among patients with STDs (665 The finding that clinically apparent cervicitis was associated with a greater proportion of endocervical CD4 lymphocytes, vs. 542 cells/mL; P Å .2). This difference in CD4:CD8 ratios between patients with and without STDs was similar for the even in the absence of detectable gonorrhea or chlamydial infection, suggests that this entity may also be associated with patients who had gonorrhea (1.4 vs. 1.8; P Å .02) and chlamydial infection (1.5 vs. 1.8; P Å .15), with no similar trend among increased susceptibility to HIV infection. Both infectious and noninfectious factors may be important in the development of the few patients with trichomoniasis. No association was found between peripheral blood CD4:CD8 ratio and presence of M.
cervical inflammation [27] . Although nongonococcal, nonchlamydial cervicitis is common, we know very little about its hominis, U. urealyticum, Candida species, or bacterial vaginosis.
etiology, natural history, or role in HIV transmission. The finding that the association of STDs with endocervical CD4 lymphocytes persists even when patients with clinical cervicitis, Discussion endocervical friability, or blood in specimens are excluded suggests that increases in CD4 lymphocytes among patients Our finding that HIV-susceptible white blood cells, including CD4 lymphocytes, monocytes, and Langerhans' cells, are relawith STDs do not occur solely when these factors are present. C. trachomatis infection appears to increase local secretion of tively more common on the endocervix than on the ectocervix, on the vaginal wall, or in vaginal lavage fluid suggests that the proinflammatory cytokines [28] , which may recruit leukocytes to the cervical mucosa; such inflammation may not always be endocervix may be a mucosal site that is particularly susceptible to HIV infection. These findings from flow cytometry are manifested as clinically apparent cervicitis or friability. However, the significant association of blood in the specimen with consistent with previous studies done using immunohistochemical techniques [22] . We also observed greater proportions and increased endocervical CD4 lymphocytes, even in the absence of STDs, emphasizes that systematic measurement of blood numbers of endocervical CD4 lymphocytes in the presence of nonulcerative STDs (gonorrhea, chlamydial infection, and must be done as part of any assessment of mucosal white blood cells that uses flow cytometry. trichomoniasis), suggesting a possible mechanism through which these STDs may increase susceptibility to HIV infection.
In this study, CD4 lymphocytes appeared to be rare in vaginal lavage fluid, even in the presence of STDs. This finding is Compared with patients with none of these STDs, the patients with STDs had about twice the median number of CD4 lymphoconsistent with that of Hill and Anderson [29] , who were unable to detect any T lymphocytes in the vaginal lavage fluid of the changes. A further consideration is that methods for examining cervicovaginal cell immunophenotypes using flow cytometry 5 women they studied, except during menses, and also with the study of Bardeguez et al. [10] , who found no leukocytes are experimental and more work needs to be done to refine them. The method of examining cell proportions in female in scrapings of the vaginal wall in 5 women without HIV infection. Also consistent with the relative paucity of lymphogenital specimens needs to be examined critically and further comparisons made with absolute cell numbers. To better undercytes, monocytes, and Langerhans' cells in the vaginal wall scrapings and in the vaginal wash, Clemetson et al. [2] found stand the utility of these methods and mechanisms of HIV acquisition, it may be particularly useful to directly compare that in HIV-infected women, HIV DNA was significantly less likely to be identified in vaginal wall specimens than in endothe results of flow cytometric analyses with colposcopic examination and with immunohistochemical staining of biopsy specicervical specimens; in that study, the endocervical specimen was obtained with a swab. In patients with HIV infection, mens from patients with and without STDs. This study demonstrates the potential for expanding epidemiBardeguez et al. found no significant difference in CD4 lymphocytes between vaginal and cervical specimens sampled with ologic studies of STD-HIV interactions to include systematic assessment of mucosal immunity and inflammation by use of a wooden spatula or in aspirated cervical mucus, but that study did not examine endocervical swab or cytobrush specimens. It modern immunophenotyping methods. Immunophenotyping of mucosal cells may also be useful for assessing the effects of is possible that the different specimen collection techniques yield different findings.
vaginal microbicides on genital mucosa and for investigating the possible role of other factors on HIV transmission. In this sample of patients who were HIV-negative, gonorrhea and chlamydial infection appeared to be associated with decreased peripheral blood CD4:CD8 ratios, with absolute CD4
